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Abstract
A random dot pattern that moved within an invisible aperture was used to present two motions contiguously in time. The
motions differed slightly either in speed (Experiments 1 and 3) or in direction (Experiments 2 and 4) and the subject had to
discriminate the sign of the change (e.g. increment or decrement). The same discrimination task was performed when the two
motions were temporally separated by 1 s. In Experiments 1 and 2 discrimination thresholds were measured with motion durations
of 0.125, 0.25, 0.5 and 1.0 s and mean speeds of 2, 4, 8, and 16°:s. In Experiments 3 and 4 thresholds were measured with aperture
widths of 5 and 20 cm. The discrimination of contiguous motions progressively deteriorated with decreasing duration and mean
speed of motion. For the lowest value of duration the Weber fraction for contiguous speeds was more than three times as the
Weber fractions for separate speeds. For the same low value of duration the thresholds for discrimination of direction of
contiguous motions were only about 50% higher than the thresholds for separate motions. The Weber fraction for contiguous
speeds was ca. three times higher with the smaller aperture than with the larger one, provided the ratio ‘aperture width:mean
speed’ (i.e. the lifetime of the moving dots) was less than 0.3 s. Aperture width did not affect the discrimination of direction of
contiguous motions. The discrimination of contiguous motions is discussed together with the known data for detection of changes
in speed and direction. It is suggested that both, detection of changes in speed and discrimination of the sign of speed changes,
may be performed by a common visual mechanism. © 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction
Our visual environment is dynamic; objects often
change the speed and the direction of their motion. A
basic function of the visual system is to register such
changes, providing in this way important information
for the control of behaviours like locomotion and
avoiding obstacles. The perception of changes in speed
has been investigated within several paradigms: detec-
tion of motion with modulated speed (Snowden &
Braddick, 1991; Werkhoven, Snippe & Toet, 1992;
Snippe & Werkhoven, 1993; Mateeff & Hohnsbein,
1996), detection of and simple reaction to single incre-
ments or decrements of speed (McKee & Nakayama,
1988; Dzhafarov, Sekuler & Allik, 1993; Mateeff, Dim-
itrov & Hohnsbein, 1995; Hohnsbein & Mateeff, 1998).
Studies on perception of changes in direction of visual
motion are much rarer. They have been carried out
within paradigms of detection of motion with modu-
lated direction (Werkhoven et al., 1992) and of detec-
tion of single direction changes (Hohnsbein & Mateeff,
1998). It may be noted that human perception of
changes in speed and direction of motion has been
investigated only with detection tasks. To our knowl-
edge, subjects have never been required to report the
sign of such changes, for example, to report whether the
speed had changed from lower to higher or vice versa.
However, to make judgements of this type (i.e. to
discriminate changes) is of much more behavioural
importance than solely to detect the appearance of the
change.
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In the change detection task it is common to present
pairs of intervals to the subject, one of which contains
nonuniform motion (stimulus), while the other contains
motion with constant velocity (catch). The subject’s
task is to indicate the interval that contained the stimu-
lus (Fig. 1A). In the traditional speed discrimination
task two separate intervals contain uniform motions
with slightly different speeds (Fig. 1B); the subject is
required to report which interval contained the faster
and which one the slower motion (DeBruyn & Orban,
1988; Snowden & Braddick, 1991). The performance of
this type of discrimination task was compared to that
of the detection of changes. The discrimination accu-
racy is generally higher than the accuracy in detecting
changes in speed (McKee & Nakayama, 1988; Snowden
& Braddick, 1991). The differences between the two sets
of results have been attributed basically to the differ-
ences between the stimuli, e.g. speed modulation versus
two separate motions (Fig. 1A versus Fig. 1B). How-
ever, this interpretation may be problematic since the
data were not only obtained with different stimuli, but
also within different tasks, namely detection and dis-
crimination tasks. The possible link or distinction be-
tween the detection and discrimination has never been
systematically addressed. Furthermore, the known
models of the process of detection of motion changes
(Snippe & Werkhoven, 1993; Dzhafarov et al., 1993)
are not appropriate to explain data from discrimination
tasks.
Exactly the same procedure as in the traditional
speed discrimination task can be carried out using two
motions that are not separated in time. The subject is
presented with two contiguous motions with slightly
different speeds and has to discriminate whether this
single change in speed has been an increase or a de-
crease (Fig. 1C). To avoid confusions, below we shall
distinguish between discrimination of temporally sepa-
rate motions (traditional discrimination, Fig. 1B) and
discrimination of temporally contiguous motions (dis-
crimination of the sign of a change, Fig. 1C). In this
study, employing the same psychophysical procedure,
experiments are presented in which two successive ve-
locity vectors, V1 and V2, either contiguous or sepa-
rated by 1 s, are to be discriminated. Identical methods
and designs of experiments were used to collect data of
the human ability to discriminate not only speeds, but
also directions of separate and contiguous motions. The
duration and the mean speed of motion were varied.
Since it has recently been shown that the width of the
spatial window through which motion is observed can
severely affect the detection of changes in speed (Ma-
teeff & Hohnsbein, 1996), this parameter was also
varied in our experiments. The data obtained with
discrimination of contiguous motions are discussed to-
gether with the already known effects of these parame-
ters on the detection of motion changes.
2. Methods
2.1. Apparatus
The subject sat 30 cm in front of a white, 0.7 cd:m2
uniformly-illuminated screen and fixated binocularly a
point positioned straight ahead. A random dot pattern
was presented within an invisible aperture, the fixation
point was placed 2 cm (3.8°) below the lower border of
the aperture. Preliminary observation showed that with
this peripheral presentation the subject was able to
avoid any undesirable pursuing of the dot pattern. In
Experiments 1 and 2 the aperture was quadratic, 55
cm2 (9.59.5°), in the discrimination-of-speed tasks
and circular, 5 cm (9.5°) dia, in the discrimination-of-
direction tasks. In Experiments 3 and 4 (see below)
apertures that were four times as large (i.e. 20 cm) were
additionally used. The dot pattern was continuously
rear-projected onto the screen by means of an oscillo-
scope and a sieve. The sieve consisted of a sheet of
black paper punched with randomly distributed holes.
The oscilloscope was placed behind the screen and the
sieve between the oscilloscope and the screen. The
brightness of the electron beam was adjusted to maxi-
Fig. 1. (A) Detection of speed changes. The experimental trial con-
sists of two separated intervals. One of them contains the stimulus
(here motion with modulated speed), the other interval contains
uniform motion (catch). The subject is asked to indicate the interval
with the stimulus. (B) Discrimination of separate speeds. The trial
consists of two separate intervals that contain motions with slightly
different speeds, V1 and V2. The subject is asked to indicate the
interval with the faster (or the slower) motion. (C) Discrimination of
contiguous speeds. The same two motions as in (B) are presented
contiguously in time (i.e. a change in speed). The subject is asked to
report whether the speed has changed from lower to higher or vice
versa.
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mum. The holes of the sieve rear-projected a multiple
image of the electron beam; in this way a large random
dot pattern appeared on the screen. The subject could
see only that part of the pattern that was within the
aperture. It had a density of 1.3 dots per cm2 on average,
each dot was c. 0.4 cm (0.75°) in dia and 2 cd:m2 in
luminance. Thus the Michelson-contrast of the pattern
was 0.48. When the electron beam moved, the dot
pattern also moved across the aperture. The voltage
from two 16-bit D:A converters was fed to the x- and
y-inputs of the oscilloscope, controlled by a PC AT 486.
In the present experiments the motion of the pattern
over 1 cm on the screen was sampled by 2000 steps; each
new position of the beam was calculated every 0.1 ms.
More details about the projection method are given in
(Mateeff et al., 1995).
2.2. Stimuli and procedure
2.2.1. Discrimination of speeds of separate and
contiguous motions
One second after an auditory warning signal the dot
pattern started to move with the speed V1 for a duration
T, stopped for 1 s (‘separate’ condition) and then started
again to move with the speed V2 for the same duration.
The subject reported, by pushing one of two buttons,
whether the first speed, V1, or the second speed, V2, was
higher. In the ‘contiguous’ condition the dots moved
with a speed V1 for the duration T, then the speed
abruptly changed to V2 for the same duration. The
subject reported by pressing one of two buttons whether
the change was from a low to a high speed, or vice versa.
The mean speed, Vm (V1V2):2, of the two mo-
tions was kept constant. Thus, the total distance passed
by the dots during the two motions was also constant.
Positive and negative values of (V2V1) were presented
according to the method of constant stimuli. Each
psychometric curve was obtained by 240 trials. Using
probit analysis (Finney, 1971) the threshold (V2V1)t
was calculated as half the distance between (V2V1)25%
and (V2V1)75%. The (V2V1)50%-value of the psycho-
metric curve was also calculated. For both conditions
Weber fractions were calculated as Ct (V2V1)t:
(V2V1). This expression is identical to Ct (V2
Vm)t:Vm.
2.2.2. Discrimination of directions of separate and
contiguous motions
The dot pattern moved at an angle a:2 (or a:2)
from the horizontal for a duration T. Positive angles
were measured counter-clockwise from the 3 o’clock
direction. Then, 1 s after T (‘separate’ condition) or
immediately after T (‘contiguous’ condition), the pattern
moved at the mirror-symmetric (to the horizontal) angle
for the same duration. Thus, the angle between the two
directions was either a or a. The subject had to report
the order of the directions of the motions by
pressing one of two buttons. A total of 240 trials with
positive and negative values of a were employed to
obtain each psychometric curve; threshold angles and
50% points were calculated as for the discrimination of
speeds.
3. Experiment 1
Thresholds for discrimination of speeds of separated
and contiguous motions were measured with mean
speeds Vm of 2, 4, 8, and 16 °:s and durations T of 125,
250, 500 and 1000 ms. Six subjects, four female, and two
male, including four of the authors and two naive
subjects, participated in this experiment. The blocks
with the different combinations of Vm and T were
randomised within and between subjects with the restric-
tion that both the ‘separate’ and the ‘contiguous’ condi-
tion of each combination were alternated one after
another. The results, averaged for six subjects, are given
in Fig. 2A and B. The data from this and the experi-
ments below were treated by ANOVAs with the subject
factor considered as random.
The effect of duration was significant for the ‘contigu-
ous’ condition (F28.7; df3,15; PB0.01) as well as
for the ‘separate’ condition (F15.6; df3,15; PB
0.01). The effect of speed was significant; F14.6;
df3,15; PB0.01 for the ‘contiguous’ condition and
F32.7; df3,15; PB0.01 for the ‘separate’ condi-
tion. The interaction ‘speedduration’ was also signifi-
cant for both conditions (F3.32; df9,45; PB0.01
(‘contiguous’) and F2.19; df9,45; PB0.05
(‘separate’)).
With 1 s duration and 16 °:s speed, the contiguous
stimuli were discriminated with nearly the same accu-
racy as the separate stimuli. However, when the dura-
tion decreased, the Weber fractions for contiguous
stimuli became more than three times as high as those
for separated stimuli. The effect of the factor ‘condition’
was significant at PB0.01 (F77.2; df1,5). No sig-
nificant constant errors occurred.
4. Experiment 2
In this experiment the thresholds for discrimination of
direction were measured in both ‘separate’ and ‘contigu-
ous’ conditions. Speeds of 2, 4, 8, and 16°:s and dura-
tions T of 125, 250, 500 and 1000 ms were employed.
Five subjects, including three of the authors and two
naive ones, three female and two male, participated in
the experiment.
Fig. 3 shows the mean threshold differences between
the motion directions in degrees. The thresholds for
discrimination of contiguous motions (Fig. 3A) increase
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Fig. 2. Data from Experiment 1 pooled across the six subjects. (A) Weber fractions for discrimination of speeds of contiguous motions plotted
as function of the duration of motion. (B) Weber fractions for discrimination of speeds of separate motions. The data were obtained with mean
speeds as specified in the inset.
with decreasing duration of presentation (F28.0;
df3,12; PB0.01) and speed (F26.2; df3,12; PB
0.01). For separate motions (Fig. 3B) these effects were
also significant, F16.7; df3,12; PB0.01 (duration)
and F32.2; df3,12; PB0.01 (speed). The effect of
the factor ‘condition’ was significant (F60.0; df1,4;
PB0.01). Again, no significant constant errors were
obtained.
Fig. 3. Data from Experiment 2 pooled across the five subjects. (A) Threshold angles in degrees for discrimination of directions of contiguous
motions plotted as function of the motion duration. (B) Threshold angles in degrees for discrimination of directions of separate motions. The data
are obtained with base speeds as specified in the inset.
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Table 1
Data from Experiment 3a
SeparateContiguous
32 cm:s 4 cm:s4 cm:s 32 cm:s
0.577 (0.090)5 cm 0.120 (0.016)0.181 (0.035) 0.147 (0.015)
0.212 (0.019) 0.119 (0.015)20 cm 0.126 (0.012)0.197 (0.027)
a Weber fractions for discrimination of speeds under ‘contiguous’
and ‘separate’ conditions are given. The aperture widths were 5 and
20 cm and the mean speeds 4 and 32 cm:s (viewing distance was 30
cm). The standard error of the inter-individual mean is given in
parentheses.
the aperture diameter was obtained for both types of
stimuli.
7. Discussion
Our findings show that the temporal proximity be-
tween the two motions impairs the accuracy of discrim-
inating between speeds as well as between directions. It
has been argued that the detection of modulation of a
velocity vector is more difficult than the discrimination
between two well-separated vectors because the visual
system has no information about the temporal phase of
the modulation (Snowden & Braddick, 1991;
Werkhoven et al., 1992). Such an argument seems weak
in explaining the discrimination of contiguous speeds in
our experiments; the duration of motion was fixed
within a block of trials and the subjects were well aware
of when the motion started and terminated. Neverthe-
less, it was more difficult for them to discriminate
contiguous than separate velocity vectors.
In Experiment 1 the Weber fractions for discriminat-
ing speeds of contiguous and of separate motions were
nearly the same for mean speeds above 8 °:s and
durations above 500 ms. In this case, the 5–7%-value
reported by other authors (DeBruyn & Orban, 1988)
was obtained. The decrease of mean speed and duration
gradually impaired the discrimination of speeds, the
impairment was more pronounced for contiguous
motions.
The effect of motion duration on the performance of
both the detection of speed changes and the discrimina-
tion of contiguous speeds seems to be the same even
quantitatively. Snowden and Braddick (1991) reported
a substantial impairment of the detection of speed
modulation with decreasing temporal period of the
modulation. McKee and Nakayama (1988) also found
that the Weber fraction for discrimination between the
speeds of two separate motions, each of 100 ms dura-
tion, is about 2–3 times lower than the Weber fraction
for detection of a single 100 ms increment of the speed.
These findings have been explained by a process of
averaging of the neural response to the speed within a
moving temporal window (Nakayama, 1985; McKee &
Nakayama, 1988). It seems that the same process af-
fects the discrimination of contiguous motions. Assum-
ing a constant temporal window motions of shorter
duration may be more ‘blurred’ by the temporal inte-
gration and, correspondingly, a larger speed difference
should be needed to reach a given performance level.
When the motions are separate the integration blur
could be reduced, thus providing the better discrimina-
tion performance observed in this condition of Experi-
ment 1.
Mateeff and Hohnsbein (1996) found that for a fixed
mean speed Vm of motion with modulated speed, de-
5. Experiment 3
In this experiment the subjects performed speed dis-
crimination under the ‘contiguous’ and ‘separate’ con-
dition. Each motion lasted for 250 ms duration.
Apertures of 5 and 20 cm width were employed (or 9.5
or 36.9°, respectively, when viewed from 30 cm). Mean
speeds of 4 and 32 cm:s (or 7.64 and 61.1 °:s, respec-
tively, when viewed from 30 cm) were used. Six naive
subjects, three female and three male participated.
Their averaged data are shown in Table 1.
The discrimination of separate motions was not sig-
nificantly affected by the aperture width at either mean
speed. The discrimination of contiguous motions was
also unaffected by the aperture width at 4 cm:s. How-
ever, at 32 cm:s the Weber fraction increased by a
factor of about three for the small aperture. This
resulted in a significant interaction ‘aperture width
mean speed’ (F12.4; df1,5; PB0.02).
6. Experiment 4
Here the subjects discriminated directions of separate
and contiguous motions. Each motion lasted for 250
ms; speeds of 4 and 32 cm:s and aperture diameters of
5 and 20 cm were used (cf. Experiment 3). Five naive
subjects participated, three female and one male. The
data are presented in Table 2. No significant effect of
Table 2
Data from Experiment 4a
Contiguous Separate
4 cm:s 32 cm:s32 cm:s 4 cm:s
1.16 (0.17) 1.22 (0.21)5 cm 0.84 (0.15) 0.88 (0.16)
0.82 (0.13) 0.80 (0.15)1.18 (0.20)1.15 (0.19)20 cm
a Threshold angles, in degree of arc, for discrimination of directions
under ‘contiguous’ and ‘separate’ conditions are given. The aperture
diameters were 5 and 20 cm and the speeds 4 and 32 cm:s (viewing
distance was 30 cm). The standard error of the inter-individual mean
is given in parentheses.
S. Mateeff et al. : Vision Research 40 (2000) 409–415414
creasing the aperture width A up to a critical ratio
A:Vm does not affect the detection of modulation. The
ratio A:Vm is the lifetime of the dots, i.e. the time that
each dot of the pattern needs to move from border to
border within the quadratic aperture. However, when
the lifetime decreases to less than a critical value of 0.3
s, the detection of changes progressively deteriorates.
Experiment 3 of the present study showed quantita-
tively the same effect for the discrimination of contigu-
ous speeds. For Vm4 cm:s, changing the aperture
width from 20 to 5 cm did not affect the discrimination
of contiguous speeds; the decrease of the corresponding
lifetime was from 5 s (A:Vm20:4 s) to 1.25 s (A:
Vm5:4 s). For Vm32 cm:s, however, the same
change in aperture width resulted in a threefold in-
crease in the Weber fraction. Here the lifetime de-
creased from 0.625 s (A:Vm20:32 s) to 0.156 s
(A:Vm5:32 s), the latter value being well below the
critical value of 0.3 s.
For a fixed duration, the discrimination of contigu-
ous speeds gradually improves with increasing speed
from 2 to 16 °:s (Fig. 2A). A similar improvement of
detection of modulated speed has been obtained by
Mateeff and Hohnsbein (1996) and Werkhoven et al.
(1992). However, Snowden and Braddick (1991) found
that for a fixed modulation frequency the detection of
speed modulation deteriorates rather than improves
with higher mean speeds of motion. Hohnsbein and
Mateeff (1998) demonstrated that this result is due to
the small A:Vm-ratios used by Snowden and Braddick
(1991); the increase in Vm in this case results in a
progressive deterioration of the detection performance.
With sufficiently large aperture widths, i.e. correspond-
ingly with large A:Vm-ratios, detection of modulated
speed improves with increasing speed, as also does the
discrimination of contiguous motions in Experiment 1
(Hohnsbein & Mateeff, 1998).
Unlike the discrimination of contiguous motions, the
performance under the ‘separate’ condition was not
influenced by the aperture width (Table 1). However,
DeBruyn and Orban (1988) demonstrated that speed
discrimination of separate motions can be also affected
by aperture width (Fig. 7 in their study). The effect was
found for Vm256°:s, i.e. under ‘separate’ conditions
the critical A:Vm-ratio may be much lower than the
value of 0.3 s found by Mateeff and Hohnsbein (1996).
The critical A:Vm-ratio seems to be an important con-
stant that most probably reflects processes of sequential
recruitment of motion detectors along the trajectory of
each dot of the pattern (McKee & Welch, 1985). It may
also reflect the receptive field geometry of single detec-
tors (Fredericksen, Verstraten & van de Grind, 1997).
Obviously, the effect of the mean speed on both detec-
tion and discrimination of speeds cannot be interpreted
independently from the effect of the aperture width.
The latter strongly affects also the subjective speed: it is
known that a motion appears to be faster when ob-
served through a smaller aperture (velocity transposi-
tion, Brown, 1931; Wallach, 1939; Zohary & Sittig,
1993). However, the link between the velocity transpo-
sition effect and the effect of the aperture width on the
detection and discrimination of changes in speed is yet
unclear. Unfortunately, both effects have never been
addressed in the known modelling studies.
These are two basic differences between speed and
direction discrimination. First, in discriminating direc-
tions of contiguous motions the thresholds are only
about 50% higher than those in the ‘separate’ condi-
tion, whereas in discriminating speeds the Weber frac-
tions in the ‘contiguous’ condition are three times as
high as in the ‘separate’ condition. Second, manipulat-
ing the aperture width can strongly affect the discrimi-
nation of contiguous speeds (Experiment 3), but does
not affect the discrimination of direction of contiguous
motions (Experiment 4). Therefore, the discrimination
of direction changes appears to be much more robust
against the influence of the factors base speed, duration
of motion, and aperture width, than the discrimination
of speed changes. These findings may reflect a higher
complexity of the encoding of speed as compared to the
encoding of direction of motion in the visual system. It
has been suggested that direction information is pro-
vided by the neurone that is firing most vigorously
within an ensemble of neurones, each of them being
labelled for a specific direction. For speed judgements it
is essential to combine information across neuronal
units with different spatio-temporal properties (Heeger,
1987; Stone & Thompson, 1992; see Zanker & Brad-
dick, 1999, for a recent discussion). This process may
be more sensitive to variations of the stimulation
parameters than the encoding of direction.
Discrimination and detection involve, at least up to
some level, the same sensory apparatus. Therefore, it is
not surprising that factors that affect discrimination
may also affect detection. However, both are different
visual processes that may be performed by distinct
mechanisms. Thomas (1985) and Klein (1985) use the
terms monopolar and bipolar mechanism to label the
putative mechanisms engaged in detection and discrimi-
nation, respectively. Elaborate mathematical models of
the detection process have been recently developed
(Snippe & Werkhoven, 1993; Dzhafarov et al., 1993).
However, the models describe typical monopolar mech-
anisms; they cannot distinguish between an increment
and a decrement in speed. Some other process needs to
be introduced, with a quite different decision rule, to
explain the data from experiments in which the subject
is asked to report whether the speed has increased or
decreased.
It may be assumed that both, a monopolar mecha-
nism as that described by Snippe and Werkhoven
(1993) or Dzhafarov et al. (1993), and a bipolar mecha-
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nism, operate in the visual system. They are engaged in
the detection of motion changes and discrimination of
contiguous motions, respectively. Alternatively, only a
single, bipolar, mechanism may be engaged in these two
tasks. The reasoning here is that a monopolar mecha-
nism can perform the former but not the latter task,
whereas a bipolar mechanism can perform both tasks
(see Harris & Fahle, 1995, for a discussion of this
question in the case of visual hyperacuity). Models of
monopolar mechanisms would be unnecessary if only a
bipolar mechanism was involved. A salient difference
between the characteristics of the two tasks would
support the hypothesis that both mechanisms operate
in the visual system, and would confirm the need to
develop monopolar models. In this study we found no
convincing evidence for a differential effect of three
stimulation parameters on the detection of speed
changes and discrimination of contiguous speeds.
Therefore, the hypothesis that these two tasks may be
indeed performed by a common bipolar mechanism
cannot yet be rejected.
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